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(54) A combined electro-slag remelting/cold induction 
crucible system 

(57) Water cooled induction coil 16 maintains the melt 
created by the electro-slag remelting process (electrode 2) 
in a liquid form, a plug 21 of solid material remaining in the 
outlet of the crucible. This plug may be melted by induction 
coil 31 to discharge the crucible. By control of the 
electrode 2 a continuous melting process may be carried 
out. Various options of metal output are disclosed. 
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ARRANGEMENT FOR THE PRODUCTION OF HIGH-PURITY 
METALS AND METAL ALLOYS 

The invention relates to an arrangement according to the 
preamble of Patent Claim 1. 

Highly stressed parts, for example turbine blades must be 
produced of a material having high purity. If in the material 
are enclosed foreign substances, these inclusions under high 
stress become starting points of hairline fractures and the 
like which finally lead to the destruction of the entire part. 

A conventional process for producing highly pure metal or 
metals alloys comprises that a starting material is remelted 
through vacuum induction melting (VIM) into an ingot. The 
purity of the ingot obtained in this way, however, is still 
not sufficient for many cases. Moreover, it has as a rule an 
inhomogeneous structure which inter alia can be traced back to 
the fact that the solidification of the metal in a form which 
determines the outer contours of the ingot takes place from 
the outside toward the inside. In order to achieve a still 
higher degree of purity, the ingot is subjected to a vacuum 
arc remelting (VAR) process. The ingot has herein the form of 
a cylindrical electrode connected to one pole of an electrical 
voltage source while the container into which falls the 
material dropping from the electrode is connected to the other 
pole of this voltage source. In that case between the 
electrode and the ingot to be produced in the chill mould an 
arc is formed which leads to the melting off of the one end of 
the ingot electrode. 

In another known process, the electro-slag remelting 
(=ESR cf .DE-Z:Korousic,B.et al.:ESR Technology of High Purity 
Copper Alloys, Met all, February 1987, pages 153 to 155) process, 
no open arc is formed between an electrode and melt material 
in a chill mould even though an electrical voltage in similar 
form is applied as in the VAR process (German allowed patent 
application No. 2349721) . Hereby through the current flow via 
an electrode immersed in the slag, the slag is heated by 
resistance heating whereby the electrode material melts off. 
The melted-of f material penetrates the slag. Between the melt 



material and the slag surface therein metallurgical reactions taks place so 
that below the slag a melt material of high parity is disposed, fin advantage 
of the ESR process ccrmrisas that it can be carried out at normal 
atmospheric pressure. 

"Ihe work pieces themselves, for example turbine parts, can be produced 
from, the purified material by forging. But it is also possible to atomize 
the purified and liquified material to form powder, place it into a mould 
vessel, and densify it subsequently through mechanical pressure. 

In the V£R process as well as in the ESR process the heat energy 
required for melting is introduced through the current flew across a 
resistor. 

Tn so-called inductive heating the melting energy, in contrast, is 
introduced into the melt material through eddy currents which, in turn, are 
generated by a magnetic ac field in a coil. Herein this coil is disposed 
about a crucible in which is disposed the melt material (GermanPatentNo. 3026722) 

In order for the magnetic fields to .be able to permeate the melt 
material, the crucible must conpletaly or at least partially be permeable to 
these fields. If the crucible corrprises ceramics, the fields permeate into 
the melt material without problems. .-In the case of ceramic crucibles in 
which metal is being melted, the problem exists that radle they have a high 
melting temperature and allow magnetic ac fields to penetrate, they react in 
some cases with the melt or parts of the brittle crucible ceramic become* 
detached and are brought into the melt as inclusions. 

Metal crucibles, in contrast, have a high degree of toughness and do not 
directly react with the melt. Iheir disadvantage lies in the fact, that eddy 
currents develop in them and the magnetic ac fields are prevented from 
permeating into the melt material. Shey have, in addition, a relatively lew 
melting tenperature. 

It is already known to use metal crucibles in spite of 
the stated negative properties for inductive melting of metals 
and metal alloys (DEP 518 499, EP 0 276 544, DE-A-39 40 029, 
EP-A-0 480 845). Herein, on the one hand, the crucible wall 
is divided into several segments in order to decrease the 
formation of shielding eddy currents and to permit in this way 
an inductive heating of the melt material, and, on the other 
hand, the crucible segments are for example cooled by water so 
that they are not melted by a potentially higher 
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taroeratora of the melt material. 3y izplenenting the crucible segments in 
a special way the introduction of energy into the malt material can be 
optboizel* It is noreover for exazrole possible thuxogh the radiation 
pressure of the fields emanating from the coil to ke^p the melt from the 
inner vail of the crucible Ln the cooled iiriucticn crucible a malt is 
generated which subsequently is reaoved fircai the crucible by tilting it. It 
is however also known to provide at the bottm of such a crucible an cpsning 
and to atomize the melt stream flowing out of it so that a metal poader or 
ratal oxide power is forced (DS-A-40 11 392) . For shaping the pouring stream 
therein a conical or rotationally hyberbolic funnel is provided coiprising 
metallic fluid-ccoled segments and surrounded by an induction coil. Through 
the shape of the funnel, through the selection of the ac current frequency 
with -which the induction coil is cperated, and thrcoyi the selection of the 
current distribution of the 

induction coil the pouring- streaa can be shaped and spread. 

The invention is based on the task of generating a pouring - stream 
cenprisirg a iraterial Vhich compared to, the materials produced with the 
stated processes has an increased purity. 

Ihis task is solved according to the features of Patent Claim i. 

\Ehe advantages achieved with the invention ccziiprise the purification of 
the ESR electrode material by sneans of slag reactions, the purification of 
the liquified melt iraterial through scferheating in the induction oven as well 
as potentially in the concentration of the inpurities in the cap on the 
cold crucible surface. Furthermore, through the linkage of two technologies 
in one installation and in one loelting process cleared to separate 
installations / considerable energy savings, shortening of the duration of the 
process and, potentially, a higher purity can be achieved. \EJiese advantages 
are additionally smplemented by a large spectrum in the end products. The 
process, looreover, can be carried oat under nearly any given type of 
atmosphere, for example in vacuo ,, in air, in inert gas and under excess 
pressure. In the corrfair-ation installation is preferably integrated an outlet 
vjhich permits the realization of the process conditions vhich are the meet 
favorable for the particular end product. 

Added to this is the fact that the arrangement according to the 
invention can be operated in vacuo as well as also in air or in an inert gas 
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chamber or under excess pressure. 

An embodiment example of the invention is depicted in the drawing and 
will* be described in greater detail in the following. 

In the Figure is depicted an arrangement 1 in which elements of the 
electro-slag remelting process are linked with elements of the induction 
crucible technology. The melting of an electrode 2 therein takes place by 
means of an electrical energy source 3 whose first terminal 4 is connected 
with the electrode 2 while its second terminal 5 is connected to a crucible 
6. A starter plate, not shown in the Figure, can also be provided. The 
energy source 3 can moreover be a dc or ac current source. This crucible 6 
is a slotted crucible ©apprising several vertically disposed fins of vfoich 
only same fins 7 to 13 are visible in the Figure. The end of electrode 2 is 
immersed in a liquid slag layer 14 and is there melted off due to the high 
heat development in the slag layer 14. The melted and purified melt material 
15 collects underneath the slag layer 14. Up to this point it is the 
conventional electro-slag remelting process. In this known process 
underneath the slag layer 14 down to a particular depth a sump develops 
comprising liquified electrode material 15 . Underneath this sump the 

material is again solidified. The slowness- of the ESR process in general 
does not permit keeping liquid the entire contents of the crucible 6 
underneath the slag layer 4 and possibly to pour it off through an opening in 
the crucible 6 and to atomize it. A continuous progression of the melting 
process is achieved according to the invention thereby that the crucible 6 is 
a cold induction crucible. Ihis crucible has around its circumference a 
water-cooled induction coil 16 which is connected via two terminals 17, 18 to 
an ac current source 19. With the aid of this induction coil the melt 
material 15 can be kept in the liquid state. At the lower end of the 
crucible 6 is disposed an opening 20 which during the normal melting 
operation is closed by a stopper 21 comprising the same material as the 
electrode 2. This stopper 21 is formed due to the cooling through the wall 
of the crucible 6 or is set in place beforehand. If the melting energy 
copied in via the coil 16 is not sufficient, the solidified stopper 
continues in a solidified layer 22 in the upward direction. The remaining 
melt 15 is kept in the liquid state through the induction of coil 16 and 
caused to form currents. These currents are illustrated by curved arrows 23 
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to 26 wherein the arrows indicate only symbolically the very ccarplicated 
current motions and do not make any reference to the actual currents. In any 
case, however, the slag currents bring about that inclusions and impurities 
still present in the slag arrive at the outside, are picked up by the slag 
layer and can in this way be removed from the melt. Hereby the remelted 
material is once again purified, 

The electrode 2 can be rotated with the aid of a motor 36. It is also 
possible to lower or raise vertically the electrode 2 by means of a lifting 
mechanism 27 movable on a vertical rail 28 and fastened on an arrangement 29. 

If the melt 15 is sufficiently purified, it can be removed from the 
crucible 6 for further processing. For this purpose a further induction coil 
31 is provided at the lower end 30 of the crucible 6 "which is fed from an ac 
current source 37. If through this coil 31 a current flews, the induction 
heat energy is concentrated on the stopper 21 and melts it. After this 
stepper has been melted, the liquid material 15 can stream from the crucible 
6 through the opening 20 downwardly and can be processed further to form 
metal and alloy powder. It is also possible to produce semifinished products 
via continuous casting or bottom retraction. This process can also be 
carried out continuously by means of melting off the electrode and pouring 
off the material. 

This further processing is 3cncwn per se (cf . for example USP 4 762 553, 
USP 4 869 469) and for that reason does not need to be described further. It 
is understood that the taxwn cold-finger technology can be used for pouring 
off the stream or that an ingot retractor device is vised. The ac current of 
source 3, which is used for the ESR process proper, can have variable 
frequencies. Instead of one electrode 2, two or more electrodes can also be 
melted simultaneously. In the case of three electrodes the current source 3 
can be a three-phase current source. 

For heating the melt 15 two separate ac current sources 19, 37 are 
depicted in the Figure. Instead of two ac current sources, it is however 
also sufficient to have one if it can be switched to one or the other 
winding. 

The invention can also advantageously be caribined with the cold-finger 
technology for pouring off streams (A. Gubchenko, Y. Noritov, A. Choudhury, 
F. Hugo: Vacuum Induction and Induction Plasma Furnaces with Cold Crucible, 



Paper presented at the Vacuum Metallurgy Conference, 1991, Pittsbur^/USA) or 
with an ingot retractor device (A. Cfroudhtoy: Vacuum Metallurgy, ASM 
International, 1990, pp. 136, 137) . 

A pouring- stream (xmdng from the crucible 6 can be transferred into a 
chill mould where it solidifies to form an ingot. It is also possible to use 
a pouring stream from the crucible 6 for filling lost-wax moulds, Ihe 
pouring stream can moreover be atomized by means of inert gas so that fine 
metal powder is produced. Furthermore, from the tapered region of the 

crucible; 6 a continuous rope can be drawn whose diameter is variable. 
The induction coil 16 can be divided into two or more parts which are 
connected to the same or to different voltages. 



7 



Patent Claims 

1. Arrangement for the production of high-purity metals and metal alloys 
with a cooled crucible comprising one or several metallic segments, 
vfaich is surrounded by an induction coil, characterized in that in the 
crucible (6) a liquid slag layer (14) is provided in which is immersed 
at least one electrode (2) comprising a metal or a metal alloy, and that 
this electrode (2) is connected to a voltage source (3) . 

2. Arrangement as stated in Claim 1, characterized in that a metal plate is 
provided as an opposing electrode. 

3. Arrangement as stated in Claim 1, characterised in that into the slag 
layer (14) are immersed two or core electrodes comprising a metal or a 
metal alloy, and that these electrodes are connected to a voltage source 
(3) wherein one or several electrodes serve as opposing electrodes. 

4. Arrangement as stated in Claim 1, characterized in that the crucible (6) 
has in its bottom an opening (20) . 

5. Arrangement as stated in Claim 1, characterized in that the crucible (6) 
tapers in the direction toward its bottom and the tapered region of the 
crucible is surrounded by an induction coil (31) vhich is connected to 
an ac voltage source (37) . 

6. Arrangement as stated in Claim 1, characterized in that the electrode 
(2) is rotatable about its longitudinal axis by means of a drive (36) • 

7. Arrangement as stated in Claim 1, characterized in that the electrode 
(2) can be lowered by means of a drive (27) • 

8. Arrangement as stated in Claim 4, characterized in that the opening (20) 
' is closed by a stepper (21) crarprising the same material as the 

electrode (2) . 
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9. Arrangement: as stated in Claim 5 and Claim. 8, characterized in that the 
inductive heating power of the induction coil (31) is so high that the 
stopper (21) can be melted, 

10. Arrangement as stated in Claim 1, characterized in that instead of a 
crucible bottom an ingot retractor device is disposed. 

11. Arrangement as stated in Claim 1, characterized in that a pouring stream 
is transferred from, the crucible (6) into a chill mould where it 
solidifies to form an ingot. 

12. Arrangement as stated in Claim 1, characterized in that a pouring stream 
from the crucible (6) is used for filling lost-wax moulds. 

13. Arrangement as stated in Claim 1, characterized in that pcwder is 
formed through a pouring stream from the crucible (6) by means of inert 
gas atomization. 

14. Arrangement as stated in Claim 5, characterized in that from the tapered 
region of the crucible (6) a continuous rope is drawn "wherein the rope 
diameter is variable. 

15. Arrangement as stated in Claim 1, characterized in that the process is 
carried out in vacuo , air, excess pressure or inert gas, 

16. Arrangement as stated in Claim 1, characterized in that the induction 
coil (16) is segmented. 

17. Arrangement for the production of high purity metals and 
metal alloys substantially as hereinbefore described with 
reference to and as illustrated in the accompanying 
drawing . 

18. A method for the production of high purity metals and 
metal alloys substantially as hereinbefore described with 
reference to and as illustrated in the accompanying 
drawing . 
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